INTRODUCTION
Castor oil, as well as its active ingredient, ricinoleic acid, is regarded as an "irritant" or "stimulant" laxative (1, 2) . Ricinoleic acid, 2 mM, has been shown to alter intestinal ion transport and water flux (3-6) without a demonstrable change in the mucosal architecture (3, 7) . Recent studies with higher concentrations of ricinoleic acid, [8] [9] [10] Received for publication 15 July 1977 and in revised form 3 November 1977. alterations in the villous tips by light and electron microscope examination (8) (9) (10) . In addition, the tight junctions have been shown to remain intact when lanthanum is used (8) . Because of these effects of ricinoleic acid on ion transport and its concomitant water flux, some have seriously questioned whether the acid has any irritant or stimulant effect oni gastrointestinal smooth muscle at all (11) .
We have recently reported that an alteration in myoelectric activity developed in the small intestine of New Zealand white rabbits when exposed to cholera enterotoxin (12, 13) . This alteration in myoelectric activity was defined as the migratinig action potential complex (MAPC) . ' Because both cholera toxin and ricinoleic acid may share in part common mechanisms regarding secretion, we wondered whether a similar motility component in our experimental model might be observed through the use of myoelectric recording techniques.
The purpose of this study was twofold: first, to investigate the effects of castor oil, ricinoleic acid, and ricinelaidic acid on the smooth muscle of the small intestine; and second, to investigate these effects, if any, for at least 6h after exposure because the onset time of pharmacologic effect has beeni shown to range from 2 to 6 h in humans (1, 2) .
METHODS
All studies were performed in male New Zealanid white rabbits weighing between 1.5 and 3.0 kg. The rabbits were anesthetized with pentobarbital sodium (25 mg/kg) giveni through an ear vein. Additional anesthetic was administered as needed through a catheter placed in the externial jugular vein. A tracheostomy was performed in each animal. The terminal ileum was located through a midline abdominal incision.
The first model that was used in all ileal loop studies consisted of the distal 12 cm of smlall intestinie. Four nionopolar silver-silver chloride electrodes wvere sexvn to the serosal surface at 2.5-cml intervals. Eachi A seconid preparation that w%as used coilsistedI of four sets of electrodes placed at specific areas oii the siiiall iiitestiiie anid colon. 16 silver-silver chloride electrodes were sewni to the serosal surfatce. Four electrodes were equally placed at 2.5-ciii intervals in the fourth part of the duodenum, in the mlid-jejunumil, the terminal ileuml, andl the signioid coloni. A smiiall polyethylene catheter was iiiserted through a dlnodeiial wall punicture wouind in the first part of the duodeuiiii, as previously described. A larger polyethylene catheter was iiiserted distal to the teriiiinal ileal electrodes, also as described.
After the preparation was completed, one of the following compounids wsas admiiniistered into the oracl enid of the ileal loop: (a) castor oil, 0.85 ml/kg; (b) ani intraluminial infusion ofricinoleic acid, 2 Ag/kg per min (6 mnM); (c) a coiitrol infusioni of riciinelaidic acid, 2 jug/kg per min; or (d) an intraluminial pertlisioii of' 0.9% sodiuiii chloridle solution, 1.14 mil/h. Both ricinoleic acid and ricinelaidic acid were diluted with 0.9% soclium chloride solution to a voluiiie that would deliver 1.14 iiil/h. In the experinmenits designed to investigate the motor responise in the segmlenits of' the dluodleni-i, niidjejuinumi, termiinal ileuim, and sigmoid colon simultaneously, 2 Ag/kg per' min of ricinioleic acid was perfutsed iiito the duiodenumiiii at a rate of 1.14 nil/h. Bromosulfophthalein, 1 il 1by bolus inijectioin, was added iiito the dlutodleiitlii of one animiial at the oiiset of jejuniial MAPC activit. The bromosuilf'oplhthalein (lye was lised as a miiarker of intraluminal flow'. All mvoelectric recordinigs were evaluated for the following: (a) inlto the orad end of the ileal loop. The niyoelectric activitv was siniilar to the MIAPC observed in the cholera enterotoxin-iiifected loops. The teriii MAPC will be used to describe the myoelectric activity that has been observed in certaiii abnormiial states. The MAPC has been defined as action potential discharge activity occurriing for longer than 2.5 s, on at least two conisecutive electrode sites at 2.5-ciii intervals, and having a propagation velocity of -1.() cmil/s. Siniilar results were observed when castor oil, ().85 ml/kg, was adniiiistered iiito the loop. No MAPC activity occurred in the loops perfused with ricinielaidic acid, 2 ,ug/kg per miiin, or in the control loops perfused with 0.9% sodiuml chloride solution at a siniilar perfusion rate. As reported (9) , control experiments using bolus injectionis of 1.0, 2.5, 5.0, or 10.0 nil of water or 0.9% sodiunii clhloride produced actioii potential discharge activity, but the actioii potential discharge activitv did not fulfill the criteria for the \IAPC. Table I illustrates the valuies of the myoelectric activity for the ileal loops exposed to castor oil, ricinoleic acid, and ricinelaidic acid. The values for the number of MAPCs per hour, MAPC propagation velocity, and MAPC onset time were similar for the loops exposed to castor oil, the ileal loops perfused with ricinoleic acid, and the ileal responses to the duodenal perfusions with ricinoleic acid. Fig. 2 illustrates a representative recording from the jejunum and ileum during administration of ricinoleic acid into the duodenum. Migrating action potential complexes were observed in the mid-jejunum (Fig. 2 ) and terminal ileum (Fig. 3) . Besides the MAPC activity observed in the terminal ileum, intermittent spiking on additional slow waves was also observed. This additional activity was not observed in the cholera-infected loops. Little-to-no action potential activity ever occurred in the duodenum or sigmoid colon. No MAPC activity occurred in control experiments in which 0.9% sodium chloride solution was perfused into the duodenum at the rate of 1.14 ml/h. When compared with loops exposed to a 0.9% sodium chloride infusion, there was no statistical difference in the slow wave frequency or slow wave propagation velocity in the loops exposed to castor oil, ricinoleic acid, or ricinelaidic acid. The biopsy of the ileal loops at the end of each experiment revealed no alteration in intestinal structure when examined under a light microscope. Each of the biopsies from the ileal loops was examined in a blind fashion by Dr. Shields.
DISCUSSION
A current review has stressed the need for a reclassification of laxatives based on their "specific mechanism of action" (8) . The classification of laxatives varies depending on the reference that is read (1, 2) . A recent submission by an advisory panel to the Food and Drug Administration classifies laxatives into five categories: (a) an irritant or stimulant; (b) wetting agents; (c) saline; (d) bulk; (e) lubricant compounds (14) . The compounds that encompass the category of the irritant or stimulant alter glucose and electrolyte transport with a concomitant water flux (3) (4) (5) (6) (15) (16) (17) (18) (19) (20) . It was suggested that this alteration may be through a mechanism similar to that of cholera toxin (21) . This concept has been challenged recently by several investigators who have shown changes in the villous tips and an increased permeability to inulin and 1,600 mol wt dextran in response to 8 mMi ricinoleic acid (8). Gaginella and co-workers (9, 10) demonstrated that when they used 10 mNI of ricinoleic acid, no alteration of the tight junctions occurred. Thus, the secretory mechanism may be mediated through several mechanisms.
Fingel (1) and Bonnycastle (2) have reported that ricinoleic acid and its associated compounds irritated the smooth muscle. But there have been no studies showing that ricinoleic acid stimulates intestinal motor function when the mucosal surface is exposed to the acid.
Recently it has been questioned whether any of the irritant or stimulant compounds can induce motor activity at all (11) . Studies using strain gauge recording techniques reported that castor oil and its active ingredient, ricinoleic acid, inhibited circular smooth muscle of the small intestine of dogs (22, 23) . Data analysis was limited to the first 2-h period after the administration of the ricinoleic acid. In addition, circular smooth muscle was inhibited by ricinoleic acid in the cat colon (24) . Our concern was that an active motility component existed but may have occurred beyond the reported 2-h period. We have previously demonstrated that an abnormal myoelectric pattern developed in terminal ileal loops of the New Zealand white rabbit when exposed to cholera enterotoxin (12) . In addition, we have reported that a lag period existed before the onset of MAPC activity to cholera enterotoxin (3.8 h) and to prostaglandin F2a (3.2 h) (13) . The presence of the lag period remains unexplained at this time. However, because 3',5' cyclic AMP may mediate some or all of the effects of both cholera enterotoxin (25, 26) and ricinoleic acid (3), it seemed probable that a similar motor event may exist for both compounds. However, others would question the role of 3',5' cyclic AMP in its association with ricinoleic acid-induced secretory ef fects (4) (5) (6) . The data in the present study indicate that an alteration in myoelectric activity does exist in response to castor oil and ricinoleic acid in the small intestine of the New Zealand white rabbits. The mean onset time for ricinoleic acid perfusion was 2.7 h and for castor oil, 3.8 h. These times did not appreciably differ from the onset time for cholera. In addition, this lag period correlates well with the onset time observed for a clinical response in man (1, 2) .
We suggest that our findings differ on three bases from those reported: First, because of the lag period before organized activity begins, investigators could have been misled to believe that motor activity was absent or decreased. Only recordings taken after the onset of MAPC activity would have shown the presence of a specific alteration in myoelectric activity. Second, the complexes were intermittent, intense, and organized. Little action potential activity occurred between the MAPCs. Thus, if one used a "motility index," or expressed data as the number of slow waves having associated action potential activity per unit of time, decreased activity could be suggested. And, third, our findings could represent species variation in the response of the smooth muscle of the small intestine to ricinoleic acid.
In the four additional experiments designed to investigate myoelectric activity in the duodenum, midjejunum, terminal ileum, and sigmoid colon, three interesting observations were made: (a) Bromosulfophthalein dye, used as a marker of intraluminal flow was present in the intraluminal fluid obtained from the terminal outflow catheter with the onset of the first ileal MAPC. This observation reflects the distance over which the MAPC may travel in a relatively short period of time. (b) Jejunal MAPC activity occurred in addition to the complex activity observed in the terminal ileum. (c) No activity occurred in the sigmoid colon, a recording site well beyond the distal terminal ileal ligature. If activity had occurred in the sigmoid colon, one would have to speculate on several mechanisms. These may include the transmission of the message by alternate neural pathways, partial absorption of ricinoleic acid (6) , or the release of a gastrointestinal hormone (9) . The absence of any activity from the electrodes in the sigmoid colon suggests that none of the aforementioned mechanisms were involved. We have previously shown that the MAPC of cholera was mediated through an intrinsic myoneural reflex arc (13) . We suggest that the MAPC activity observed with ricinoleic acid is on a similar basis.
